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Abstract — The typical spectra of gamma-ray bursts (GRBs) are discussed in the context of the 
compactness problem for GRB sources and how it is resolved in the popular fireball model. In particular, 
observational (model-independent) constraints on the collimation of the gamma-rays and the dependence 
of the collimation angle on the photon energy are considered. The fact that the threshold for the creation 
of e-e+ pairs depends on the angle between the momenta of the annihilating photons in the GRB source 
provides an alternative solution to the compactness problem. A new approach to explaining GRBs, taking 
into account the angular dependence for pair creation, is proposed, and the main features of a scenario 
describing a GRB source with a total (photon) energy smaller or of the order of 1049 erg are laid out. 
Thus, we are dealing with an alternative to an ultra-relativistic fireball, if it turns out (as follows from 
observations) that all “long” GRBs are associated with normal (not peculiar) core-collapse supernovae. 
The effects of radiation pressure and the formation of jets as a consequence of even a small amount of 
anisotropy in the total radiation field in a (compact) GRB source are examined in this alternative model. 
Possible energy release mechanisms acting in regions smaller or of the order of 108 cm in size (a compact 
model for a GRB) are discussed. New observational evidence for such compact energy release in the 






     There exists both direct and indirect 
observational evidence for a connection between 
massive (core-collapse) supernovae and long 
gamma-ray bursts (GRBs). The list of publications 
on this topic is continually becoming more and 
more extensive. At first, this connection was based 
on the fact that all the host galaxies of GRBs proved 
to be forming massive stars at high rates [1–3]. By 
2004, more cases were found in which signs of 
supernovae appeared in the light curves of GRBs or 
in the spectra of their afterglows (GRB 970228, 
GRB 970508, GRB 990712, GRB 000911, GRB 
021211, GRB 030329, and GRB 031203) [4 - 14]. 
A thorough analysis of the contribution of 
supernovae to GRB afterglows was recently 
undertaken in [15] (see also [16]): in an ever 
growing number of cases, it is becoming possible to 
obtain clear photometric and spectroscopic evidence 
for an association between normal massive 
supernovae (type Ib/c and other types) and GRBs, 
which offers direct and incontrovertible proof of a 
relation between GRBs and massive stars. In turn, 
the evergrowing statistics on the association 
between GRBs and supernovae can provide strong 
observational constraints for the collimation angle 
of the gamma-rays, and thereby observational, 
model-independent estimates of the intrinsic total 
energy of the GRB sources [17].  
     The aim of the current paper is to describe the 
main assumptions in a scenario for a GRB source 
with an energy of 1049 erg. We present both 
observational and theoretical arguments supporting 
the idea that classic (“long”) GRBs are associated 
with axially symmetric supernova explosions with 
the directed ejection of a jet. This approach solves 
the problem of a fantastically high luminosity of 
GRB sources (>1051 erg), and reduces this energy to 
reasonable values. Thus, we are considering an 
alternative to a relativistic fireball model, if we 
suppose that all long GRBs can be associated with 
normal (not peculiar) massive (core-collapse) 
supernovae.  
     Section 2 discusses the typical spectra of bursts, 
the origin of the compactness problem, and how it 
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was solved in the early stages of a GRB. Note that 
this problem was first formulated in [18] in 
connection with the giant outburst in the soft 
gamma-ray repeater SGR 0526-66 on March 5, 
1979. Section 3 considers a solution for this 
problem allowing for the dependence of the 
threshold for the creation of e-e+ pairs on the angle 
between the photon momenta, the degree of 
collimation or asymmetry (axial symmetry) of the 
radiation field arising in the source itself, and the 
dependence of the collimation angle on the photon 
energy. In Section 4, we discuss the observational 
basis for strong collimation of the radiation reaching 
near-Earth receivers from distant (z  1) GRBs (but 
only for a small number of hard photons in the GRB 
spectra). Section 5 is devoted to jets, which may be 
formed by the powerful pressure due to the 
collimated (anisotropic) radiation near ( 109 cm) 
the GRB source. Section 6 considers some possible 
energy-release mechanisms that could act in a 
compact GRB source, while Section 7 presents 
observational evidence for a “compact” ( 108 cm in 
size) region of energy release. In particular, we 
present a brief analysis of observations (carried out 
first on BeppoSAX, then on HETE-2 [19, 20]) of 
soft X-ray flashes (XRFs), GRBs with strong X-ray 
excesses (X-ray Rich GRBs, XRR GRBs), and 
normal or classic GRBs. We consider some new 
observational evidence (superluminal radio 
components) for compact GRB sources with jets. 
Finally, we will attempt to understand the soft (in 
the sense of the photon energy) observed spectrum 
of GRBs, without assuming a priori that the 
radiating plasma moves with Lorentz factors 
Γ >> 10, as it does in the popular ultrarelativistic 
fireball model [21, 22].  
 
 
2. TYPICAL GRB SPECTRA 
AND PHOTON ENERGIES 
 
     The rapid time variability of GRBs (δT ~ 10 ms) 
implies a compact source of radiation, with a size 
less than c × δT ≈ 3000 km. However, this 
immediately raises the problem of the huge 
luminosities of distant GRB sources (see, for 
example, [18, 23]): too much energy (>1051 erg, 
even if we consider only the soft gamma-rays, <511 
keV and 1 MeV) is released for such a small volume 
for sources at cosmological distances (>1 Gpc), i.e., 
for classic, long GRBs. At a photon density of nγ ~ 
(1051 erg/mec2)/(cδT)3 ~ 1057/(3000 km)3 ~ 1032 cm-3, 
two gamma-rays with a total energy of more than 
2mec2 can interact with each other and give birth to 
an electron–positron pair. The optical depth to pair 
creation is given approximately by τe−e+  ~  nγ r3e 
(cδT) ~ 1016, where re is the classic radius of the 
electron, e2/mec2. (For semi-relativistic energies 
<511 keV up to 1 МeV, the pair-creation cross 
section is ~r2e , i.e., ~10−25 cm2.) This is the essence 
of the so-called “compactness problem:” the optical 
depth for photons with relatively low energies 
~511 keV would be so huge that it would be 
impossible to observe such photons, since they 
would all be transformed into e−e+ pairs. Thus, in 
the presence of such huge photon densities, nγ, 
photons radiated in the GRB source that initially 
propagate along the line of sight toward the 
observer should be destroyed by collisions with 
other photons whose total energy together, with the 
energy of the primary photon, exceeds 2mec2 (see 
Section 3 for the situation when the radiation field 
in the source is completely isotropic).  
     However, the usual formulation of the 
compactness problem [21, 22, 24, 25] immediately 
reduces to the problem of the escape (from the GRB 
source) of hard, high-energy photons: gamma-ray 
photons with energies exceeding 2mec2 (and >> 1 
MeV) can interact with a huge number of photons 
with lower energies (<511 keV to 1 MeV) and 
create e−e+ pairs. The mean optical depth for this 
process is [22] τe−e+ ~ 1015(E/1051 erg)(δT/10 ms)2 
for a typical total (isotropic) energy release of E ~ 
1051 erg in a small volume. It is thought that 
“heavy” (hard, or high-energy) photons are always 
present in the observed spectra of GRBs, in the form 
of high-energy “tails” containing an appreciable 
amount of energy. For example, according to Piran 
[21, 22, 24, 25], the compactness problem arises 
precisely because the observed spectrum (probably) 
always contains some number of hard gamma-rays. 
In other words, according to Piran, since the 
observations do not contradict the possibility that all 
GRB spectra have hard tails, this should be the first 
and main observational basis for the problem in this 
type of formulation (see, for example, [26]): the 
optical depth to high-energy, hard photons (>>1 
MeV) should be so great that it will be impossible to 
observe such photons. However, are such photons 
really present in all GRB spectra? And does the 
whole problem have to do precisely with these high-
energy photons? Here, we should immediately make 
some clarifying comments about the typical spectra 
and typical photon energies of GRBs, based on 
well-known observational results for GRB spectra 
(including the most recent ones).   
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     Such photons are indeed observed in some 
cases— but far from all the time. Moreover, photons 
with energies >100 MeV are strongly delayed 
relative to the main GRB. For example, the 20-GeV 
photons (observed on BATSE/EGRET) are delayed 
by a whole 1.5 h relative to the GRB itself. It is 
obvious in this case that the physical mechanism 
operating is completely different from the one that 
gives rise to typical GRB spectra. (A detailed 
description of GRB spectra is given in the review 
[27]; see also the catalog of spectra [28].) A 
“typical” observed GRB spectra are quite varied, 
but nevertheless, are composed primarily of soft 
(and not hard) gamma-rays. This has been known 
since the very discovery of GRBs, when their 
spectra were presented in energy units (see, for 
example, the survey [28]). Now, many authors are 
pointing out the same thing [30– 35]. Nearly all 
GRBs were discovered in the energy range from 
20 keV to 1 MeV. In his recent survey, Piran [25] 
himself was forced to note the mystery of the 
narrow energy range (with its maximum at Ep < 
511 keV, [29]) of typically observed GRBs. In 
addition, it became clear by 2000 that there exist 
two more classes of GRBs: X-ray Flashes (XRFs) 
and X-ray Rich GRBs (XRR GRBs) [19, 36]. These 
are “gamma-ray bursts” involving few or even no 
gamma-rays. This phenomenon is discussed in 
detail (accompanied by excellent illustrations) by 
Lamb et al. [30, 31], as well as in other papers 
published by this same group.   
     Thus, in spite of the significance of the problem 
of the emergence of hard (>> 1 MeV) photons, at 
the same time (and most importantly!), the small 
volume with radius R ≤ 3000 km turns out to have 
too many photons with low energies, but with 
densities nγ ~ 1032 cm−3. The observed fluxes give 
estimates of the total isotropic energy releases 
( 1051 erg) of GRBs precisely in the form of such 
low-energy photons. In other words, this 
(“standard,” ~1051 erg) energy release was obtained 
using typical GRB spectra precisely for these most 
often obesrved low-energy photons with semi-
relativistic energies, primarily to 1 MeV. Moreover, 
it is important to emphasize that both photon density 
nγ and the total photon energy release (~1051 erg) 
were estimated using the simple assumption of 
spherical symmetry or total isotropy of the radiation 
field arising in the source during the burst (see 
below the comments on [23]).   
     Further, it has been firmly stated [21, 22, 24, 25], 
many times repeated, and by different authors, that 
GRB sources could be optically thin, and the 
observed GRB spectra are non-thermal for sure. 
Subsequently, an optically thin source with a 
nonthermal spectrum often appeared as a “standard” 
general picture for all GRBs [37]. At the same time, 
in contrast to the GRB spectra that are usually 
presented in catalogs [27, 28] that are averaged over 
the burst time, time-resolved or instantaneous GRB 
spectra for sufficiently bright bursts are closer to 
thermal, than power-law, and correspond to 
blackbody (Planck) radiation with a temperature of 
kT ~ 100 keV [38–43]. Various authors have 
pointed out this lack of consistency between the 
standard optically thin synchrotron model and the 
observations (see, for example, [40]), and have 
proposed various alternative scenarios to solve this 
problem [32, 44, 45]. It is likely that this blackbody 
radiation with kT ~ 100 keV corresponds to some 
physical model for the source, while the non-
thermal GRB spectra that have been obtained 
represent only an empirical fit to the time-averaged 
data for observed bursts (see [43] and references 
therein).   
     Nevertheless, if these two (more theoretical than 
observational) assertions, or postulates [21, 22, 24, 
25], that (1) it is possible that all GRB spectra have 
high-energy components and (2) the observed GRB 
spectra are non-thermal are indeed true, the only 
possible theoretical alternative is the fireball model, 
with huge Lorentz factors Γ >> 10 [21, 22]. The 
synchrotron model with a shock and optically thin 
plasma that is based on these postulates can more or 
less correctly explain much about GRBs, but not the 
observed spectra of GRBs [40].Somehow, we lose 
sight of the fact that the “photon targets” [37] in this 
model (with a typical energy Ep < 511 keV) are the 
same typical observed GRBs. Thus, it turns out that 
the main task in the standard fireball model is not to 
explain the observed spectrum (soft, in the sense of 
the energy–frequency of the photons), but instead to 
investigate the rare cases when hard photons with E   
1 GeV can emerge. In this connection, we must 
note study [26], in which as an alternative to the 
observed GRB spectrum, it is proposed to explain 
some unobserved “true (internal)” GRB spectrum, 
which doesn’t have any cutoff at high energy at all. 
The origin of the observed, predominantly soft GRB 
spectra with a large number of photons with 
energies up to ~1 MeV remains unclear.   
     The spectrum is especially unclear against the 
background of the conjuring about huge Lorentz 
factors, invoked to solve the compactness problem. 
However, the question remains: why are primarily 
 4 
soft spectra observed in the presence of the 
ultrarelativistic motion of the radiating plasma that 
is assumed in the fireball model? And we shouldn’t 
forget that GRB spectra sometimes do not contain 
any gamma-rays, as in the case of XRFs, whose 
existence was known before 2000 [36]. Thus, in 
solving the compactness problem, we have created 
another problem of scandalous inconsistency 
between ultrarelativistic Lorentz factors Γ ~ 
100−1000 (with problematic 100-MeV and 10-GeV 
photons) and the observed, usually soft (  1 MeV) 
gamma-ray (GRB, XRR GRB) and X-ray (XRF) 
emission of the most “classic” GRBs. Moreover, 
note that the observed blackbody radiation of GRBs 
with temperatures of kT ~ 100 keV [42, 43] is 
inconsistent with Lorentz factors of ≈102−104 for 
the very reason given by Piran: the observed 
temperature kT in the cosmic fireball [21, 22] could 
then easily exceed 1MeV [46].   
 
 
3. THRESHOLD FOR THE CREATION 
OF e−e+ PAIRS AND THE ANGLE 
BETWEEN THE PHOTON MOMENTA 
 
     Do there exist other ways to solve the 
compactness problem, apart from the fireball model 
with huge Lorentz factors? In particular, can we get 
away with a semi- (and not ultra-) relativistic 
approximation when explaining the observed 
spectra of GRBs, XRR, and XRFs? Is strong 
“beaming” (collimation) of the gamma-ray radiation 
needed, and how collimated can the radiation 
forming the spectra of these types of bursts (GRB, 
XRR GRB, XRF) be? In this section, we will 
consider another attempt made to solve an old 
problem.   
     Of course, the possibility that the radiation of 
GRBs was collimated was already being discussed 
in 1998, but mainly in terms of the “standard” 
fireball model. Recall that the term “collimation” in 
this theory refers not to the directly observed 
gamma-ray emission, but to hypothetical jets of 
plasma. The term “beaming” in the fireball model 
refers to the radiation of the optically thin jet plasma 
[47], which is concentrated in a narrow cone with 
opening angle ~1/Γ. Below, we will also use the 
term collimation, but only for the observed radiation; 
we will not associate it with jets, all the more so 
with factor Γ or with beaming. (The detector 
registers the gamma-ray burst, not the jet.) In 
addition to the collimated radiation, we will also 
consider anisotropic (axially symmetric) radiation, 
or the radiation field in the immediate vicinity of the 
GRB source.  
     There would not be the need to spend so much 
time discussing the approach of Piran (see Section 
2), except for the fact that the compactness problem 
was actively discussed even before 1991 (i.e., in the 
pre- BATSE/EGRET era), in connection with the 
famous burst of March 5, 1979 in the Large 
Magellanic Cloud [18]. Even then, the possibility of 
anisotropic or collimated gamma-ray radiation was 
not excluded as an explanation for the soft spectra, 
since the cross section for the creation (and 
annihilation) of electron–positron pairs σe−e+ 
depends not only on energy, but also on the angle 
between the momenta of the colliding particles [18]. 
We comment below on study [23], which is now 
cited rather rarely, although it demonstrates that 
much had been said even in the early 1990s about 
the compactness problem and the collimation of the 
radiation emerging from a source with a high 
photon density. The presence of such anisotropic 
(collimated) radiation in the source can solve this 
problem, but in a completely different way (see 
below). In particular, Carrigan and Katz [23] model 
the observed spectra of GRBs taking into account 
e−e+ pair creation. This can give rise to efficient 
collimation of the flux, due to the kinematics of 
two-photon pair creation: τe−e+ is sensitive to both 
the spectral and the angular distributions of the 
radiation field in the GRB source.   
     Due to their importance for our subsequent 
analysis of the influence of the angular and spectral 
distributions of the photons on the opacity τe−e+, we 
analyze below the formulas for the pair-creation 
threshold from [23] [see (1)]. A pair can be created 
by two photons with energies E1 and E2 whose sum 
exceeds the threshold energy for the creation of 
e−e+ pairs, 2Eth < E1 + E2, if   
 
E1E2 ≥ 2(mec2)2/(1 − cos θ12),                 (1) 
 
where 2(mec2)2 = 2(511 keV)2, θ12 is the angle 
between the directions of the two gamma-rays, and 
Eth = √E1E2. As a result of the creation of the pair, 
one of the photons initially moving along the line of 
sight toward the observer disappears. For example, 
a pair will be created during a collision of two 
photons with oppositely directed wave vectors (i.e., 
a head-on collision) if the sum of their energies is E1 
+ E2 > 2Eth = 2× 511 keV for θ12 = 180°, or, in the 
case of a side-on collision, if E1 + E2 > 2Eth ≈ 2 × 
700 keV for θ12 ≈ 90°. However, in the case of 
nearly parallel wave vectors, θ12 ≈ 0°, the threshold 
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energy for e−e+-pair creation 2Eth becomes very 
high: in this case, E1 +E2 > 2Eth when Eth →∞. This 
means that e−e+ pairs will not be created, and the 
photons can freely leave the source, even when they 
have energies >> 1 MeV. Further, as was noted in 
[23], condition (1) leads to softening of the 
emergent (observed) radiation from the source. If 
the spectrum of the source does not have a sharp 
peak, comparatively hard photons (E > Eth) will 
create pairs, primarily via their interaction with low-
energy photons (E < Eth). This means that the 
observed spectrum of a GRB source will be soft, 
since photons with high energies are prevented from 
emerging due to condition (1). The e−e+ pairs will 
eventually annihilate, with the creation of two, or 
rarely three, photons, but usually not in such a way 
as to give one of the photons high and the other low 
energy.   
     Since it is supposed that any reasonable source 
spectrum will contain many more photons with low 
or moderate energy (  511 keV) than with very 
high energy [23], the emergent spectrum will differ 
more markedly from the initial source spectrum at 
higher photon energies (E  1 MeV), so that the 
observed spectrum is strongly suppressed at such 
energies. The high-energy photons are “beaten 
down” by the large number of low-energy photons. 
In other words, most photons with high energy are 
taken out of the line of sight, and therefore out of 
the observed spectrum, and we should expect to 
measure a flux of photons with E > Eth = √E1E2 only 
if τe−e+ is less than unity, since the e−e+ pair-
creation threshold depends on the angular 
distribution of the radiation field arising in the 
source.  
     Thus, there should not be a large number of 
photons with E > 1 MeV and with E >> 1 MeV in 
the observed spectra of GRBs, due to the influence 
of (1), as long as the optical depth to the creation of 
e−e+ pairs does not become 1 (for example, 
anisotropy of the source radiation field). As we can 
see from [23], it was usual in 1992 to take the 
“typical” energies of most photons in the observed 
spectra of GRBs to be fairly low. Further, Carrigan 
and Katz [23] estimate the distances to the burst 
sources in the case of such (observed) semi-
relativistic photon energies (E ~ mec2). The point is 
that the compactness problem for GRB sources did 
arise (in connection with the event of March 5, 1979 
in the LMC), given the unexpectedly large distances 
to these sources—but not because of the “problem” 
of the emergence of “heavy” (100 MeV, 1 GeV, or 
more) photons with ultrarelativistic energies (E 
>> mec2), which are “hindered” by the “light” (  1 
MeV) photons that are observed in GRB spectra. 
The powerful burst of March 5, 1979 did not have 
any “superheavy” photons in its spectrum. To 
convince yourself of this, simply look at the 
spectrum of this burst published in review [29].   
     Carrigan and Katz [23] discuss various possible 
explanations for why the “e−e+ confinement” of 
photons does not operate in the GRB source 
associated with the March 5, 1979 event in the LMC. 
In particular, they immediately underscore the 
importance of taking into account angular 
dependence (1) for e−e+ pair creation. For example, 
there will be a certain “loop-hole” for the photons if 
the source itself forms a collimated beam of photons. 
Essentially, we are dealing here with asymmetry or 
anisotropy of the radiation field arising in the source 
itself during the outburst, as is discussed by 
Agaronyan and Ozernoi [18]. In this case, even 
photons with high energies will be below the pair-
creation threshold if the angle θ12 is sufficiently 
small. The presence of such an opacity “window” 
for collimated photons assumes that even in the 
region, opaque due to pair creation, the GRB source 
radiation can escape through this window, by 
analogy with the large contribution of such 
windows in the opacity of matter to fluxes of 
radiation in the usual (Rosseland mean) 
approximation.   
     The use of the words “strongly collimated” in 
[23] might make us pause. Indeed, what is meant by 
“strongly”? At that time, there were not yet any 
observations of GRB spectra at high energies E. 
Photons with E ~ 10 MeV (beyond the ~1 MeV 
peak) began to be reliably observed only with 
BATSE/EGRET. In particular, we can obtain for 
such photons from (1) the relation 1 − cos θ12 = 
0.522245 MeV2/(10 MeV × 10 MeV) ≈ 0.005, 
which corresponds to angle θ12 < 6°. Thus, photons 
with energies ~10 MeV that leave the source within 
a cone of opening angle ~6° will not create pairs, 
while the softer source radiation can be completely 
uncollimated. For example, collisions of 10-MeV 
photons with lower-energy photons (<100 keV) 
occur at angles larger than 60° (0.522245 MeV2/(10 
MeV × 100 keV) ≈ 0.5), while the softer photons 
emerging from the source within a cone with this 
opening angle will not prevent either heavy or, all 
the more so, light photons from freely leaving the 
source. Thus, Eq. (1) requires more or less strong 
collimation only for a small fraction of the hardest 
photons emitted by the source. This becomes clear 
if we consider the energy spectra of typical GRBs 
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[29] presented in the old form of F (cm−2 s−1 keV−1) 
plotted against E (keV), i.e., in terms of the number 
of photons per unit time per unit energy interval per 
unit area as a function of the energy. Only a small 
fraction or small number of the photons that are 
observed beyond the threshold at ≈700 keV can be 
“strongly” collimated, within a cone with opening 
angle <90°.  
     The angles ~6° are now considered quite 
appropriate for the jet opening angles in the 
standard, or, more precisely, most popular, the 
fireball model. If we start from the idea that we 
want to enable the emergence of photons with 
energies to 10 keV from the source, we can 
immediately obtain a type of “collimation theory” 
with Γ ~ 10. However, this path is also dead end 
within the standard fireball model. Allowing for 
initial collimation of the radiation arising in the 
source, rather than invoking collimation due to huge 
Lorentz factors (Γ ~ 1000 is required to solve the 
compactness problem), can completely change the 
entire model.   
     On the other hand, one way or another, the fluxes 
of photons from the source should lead to effects 
due to the pressure of the radiation on the material 
surrounding the source. If the radiation is also 
collimated, the formation of jets becomes 
unavoidable in the presence of such huge fluxes, if 
there is even a small amount of asymmetry (or 
anisotropy) of the GRB-source radiation field. This 
is precisely the question: is the source of the GRB a 
jet?   
 
 
4. OBSERVATIONAL ESTIMATE 
OF THE COLLIMATION ANGLE 
FOR GAMMA-RAYS REACHING 
NEAR-EARTH INSTRUMENTS 
 
     In fact, perhaps angular dependence (1) for the 
e+e− pair-creation threshold should have been 
taken into account right from the start, without 
assuming ultrarelativistic motion of the plasma early 
on, and allowing for the possibility of special 
directed in the source of a flare at the surface of a 
compact object— the GRB source?—due to the 
action of some agent (most likely magnetic fields). 
A “special direction in the source” sounds as a 
challenge. However, the emitting plasma in a 
fireball model with jets must also somehow be 
accelerated to huge kinetic energies, but by what 
mechanism? This question remains unanswered in 
the theory of ultrarelativistic fireballs, just as the 
origin of the observed spectra of GRBs remains 
unclear in this theory (see Section 2). Does the 
(ultrarelativistic) jet itself radiate, and is it actually 
the source of the GRB? This is the question—and 
can we manage without this gamma-ray radiating jet 
that must be accelerated (by some unknown means) 
to huge Lorentz factors, by supposing that the 
radiation of the burst source is already collimated 
by the source itself?   
     In any case, the idea that the gamma-ray 
radiation reaching near-Earth detectors might be 
strongly collimated can be given an observational 
basis (without worrying for the moment about the 
collimation mechanism), if we suppose that all long 
GRBs are associated with the explosions of 
ordinary massive (core-collapse) supernovae [3, 48]. 
Here, again, we emphasize that we are imagining 
collimated radiation, and not a jet. It is precisely the 
radiation that emerges from the source that is then 
detected. The formation of jets (moving with speeds 
less than the speed of light) will be considered in the 
following section.   
     So far, all available photometric and spectral 
observations of the host galaxies support the 
existence of a relationship between GRBs and the 
evolution of massive stars, or a close connection 
with the relativistic collapses and supernova 
explosions that occur at the end of their evolution. 
Many papers have dealt with this topic, such as [1–3] 
and others. The main conclusion reached by these 
studies is that the host galaxies of GRBs are 
basically indistinguishable from other galaxies with 
similar redshifts z, in terms of their colors, spectra, 
star-formation rates, luminosities, and surface 
brightnesses. Thus, they are likely star-forming 
galaxies that are quite ordinary for their z, and 
comprise the main basis for samples made from 
deep surveys of weak objects (at least surveys in the 
optical to 26m, where bursts of star formation are 
visible to z  1).  
     In essence, this is the main result of the optical 
identification of GRBs with objects of a known 
nature: long bursts are identified with ordinary, 
nonpeculiar galaxies of types that are frequently 
encountered at their z, at least down to ≈26m. This 
means that we can use counts of such galaxies (the 
number of galaxies brighter than 26m) and the 
results of direct optical identifications of GRBs 
(detected to  10−7 erg/cm2) to estimate the mean 
yearly rate of GRBs occurring in each such galaxy. 
This rate turns out to be NGRB ~ 10−8 yr−1, on 
average, in each star-forming galaxy. Since the 
yearly rate of (massive, core-collapse) supernovae is 
 7 
NSN ~ 10−3−10−2 yr−1, the ratio of the GRB rate to 
the rate of such supernovae is close to NGRB/NSN ~ 
10−5−10−6. This estimate (most likely an upper limit) 
was made for type-Ib/c supernovae [48]; the 
analogous estimate for type-II supernovae was 
obtained by Porciani and Madau [49]: (1−2) × 10−6.   
     Further, we will start with a very simple 
assumption, that has been supported by a larger 
number of observational facts since 1998 [15, 16]: 
all long GRBs are associated with the explosions of 
massive supernovae. The ratio NGRB/NSN should then 
be interpreted as reflecting very strong collimation 
of the gamma-rays reaching the observer; i.e., the 
gamma-rays from the source (or some fraction of 
them) propagate to large distances (z  1) within a 
very narrow solid angle   
 
Ωbeam = NGRB/NSN × 4π   ~   (10−5−10−6) × 4π.     (2) 
 
     Another possible interpretation of the small 
value of NGRB/NSN is that the GRBs are associated 
with some rare class of peculiar supernova 
(hypernovae?). We consider this to be less likely, 
because GRBs are then associated with only 
10−5−10−6 of all supernovae observed thus far. The 
counterparts of GRBs are not simply peculiar 
supernovae with which the “Pachinsky hypernova” 
is sometimes identified [50, 51], since these peculiar 
supernovae (hypernovae), such as 1997ef, 1998bw, 
and 2002ap, are too few in number (see [52, 53]) for 
such a small ratio NGRB/NSN. There are also other 
studies [20, 30, 31] suggesting the possible 
collimation of the GRB source radiation with the 
collimation angle (2). The more GRB–SN 
coincidences such as that between GRB 030329 and 
SN 2003dh or the correlation between GRBs and 
the “red shoulder” in the light curves [15, 16], the 
more certain it will become that the GRB radiation 
is indeed collimated, rather than being associated 
with some special class of supernovae, such as 
hypernovae. Many believe that the very term 
“hypernova” is poorly defined and have ceased to 
use it (see, for example, [50]). The geometry of 
“ordinary” supernova explosions (which can be 
axially symmetric) further complicates attempts to 
distinguish some special class of “hypernovae” [54]. 
It is likely that, in the case of GRB–SN 
coincidences, we are observing an axially 
symmetric supernova explosion very close to some 
special direction— the axis of the explosion, which 
leads to peculiar photometric and spectral properties 
in ordinary type- Ib/c supernovae (high luminosities, 
high velocities, etc.).  
 
     Let us suppose that a distant observer (for z  1) 
receives only the most collimated part of the 
gamma-ray radiation, for example, because his line 
of sight lies along the rotational axis of the 
collapsing core of a star with a magnetic field. If the 
gamma-rays are strongly enough collimated that 
they illuminate only a small fraction of the sky, the 
inferred energetics of the event as a whole must be 
strongly decreased to several orders of magnitude 
below the so-called “isotropic equivalent” total 
energy release of the GRB source Eiso. This quantity 
usually has values Eiso ~ 1051−1052 erg, but can 
reach ~1053 erg. The true total GRB energy will be 
~Ebeam, where   
 
Ebeam = EisoΩbeam/4π,                        (3) 
 
or ~ 1045−1047 erg. 
     If this situation is realized for some fraction of 
the gamma-rays emitted by the source (carrying 
from ~1047 to ~1049 erg) that propagate within a 
narrow beam (2) that reaches an observer on Earth 
some other part of the source energy could be 
radiated isotropically (or nearly so). However, if the 
spherically symmetric luminosity corresponds to a 
total isotropic GRB energy of, for example 
~1045−1047 erg, even a detector as sensitive as the 
BATSE GRB-monitoring instrument would not be 
able to detect the radiation flux from such a low 
gamma-ray luminosity emitted at cosmological 
distances, z  1, so that the GRB would not be 
detected if the observer were outside the cone (2) 
for the collimated component of the radiation. Thus, 
an energy of 1045−1047 erg could be close to a lower 
limit for the total (radiated) energy of GRB sources 
corresponding to the fluxes measured within solid 
angles ~Ωbeam, within which the most collimated 
components of the GRB radiation propagate. (Of 
course, this is valid only if all long GRBs are 
associated with supernovae.)   
     Thus, based on known observational results, 
there exists this possibility to immediately 
appreciably lower the total (bolometric) energies of 
GRBs, even in models with radiating plasma, i.e., 
with relativistic jets, as in the standard fireball 
model. (Although we can be certain that we are not 
dealing with radiating rapidly moving plasma, 
therefore the jet is not the origin of the GRB. See 
below for more detail.) In a model with a radiating 
jet, we can estimate the Lorentz factor using the 
formulas relating the energy with Γ [21, 22]. For the 
total energy releases of 1045, 1047, 1048, and 1049 erg, 
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we obtain for Γ the values 18, 32, 42, and 56, 
respectively. Such Γ values could correspond to 
estimates of the collimation angle for photons with 
energies ~10 MeV (see the end of Section 3), but 
such low burst energies are completely unacceptable 
in the “standard” solution of the compactness 
problem [21, 22, 24, 25].   
     This is indeed a fundamental question for the 
GRB mechanism: what is actually radiating—a 
“point” or an extended jet? If the GRB radiation 
(mainly the hard component) is collimated, we must 
return to the idea that the GRB radiation arises at 
the surface (more precisely, near the surface—at 
distances of centimeters, or meters?) of some 
compact object. Further, we will proceed without 
the a priori assumption that only the “end” of the jet 
itself should radiate. First some radiation or the 
GRB arises, then the jet, as a consequence rather 
than the origin of the GRB. A jet probably does 
form, but as a result of the strong pressure of the 
collimated radiation on the matter surrounding the 
compact GRB source (with a size of 107 cm or less). 
Of course, this jet, which has been accelerated to 
relativistic speeds by the incident photons, will also 
radiate, but this represents the GRB afterglow, and 
not the GRB itself.   
 
 
5. RADIATION PRESSURE AND THE JET 
IN A COMPACT GRB MODEL 
 
     If a scenario such as massive star → Wolf Rayet 
(WR) star → pre-SN = pre-GRB → collapse of 
massive stellar core is possible, with a dense 
envelope being present around the WR star, a 
relativistic jet could be formed by the powerful 
pressure of the collimated or anisotropic radiation of 
the GRB source (i.e., the prompt GRB radiation) on 
the material in the WR envelope surrounding the 
source—the collapsing core of the WR star.   
     We can put aside the question of the mechanism 
for the formation of the GRB source itself, and not 
worry about how the collimated gamma-ray beam 
arose. The radiation field generated around the 
source could be anisotropic, for example, axially 
symmetric, due to magnetic fields, inhomogeneity 
on the surface of the source (e.g., polar caps), or the 
effect of the angular dependence (1) of the e−e+ 
pair-creation threshold. It is enough to allow for the 
possibility that either some fraction (~10%, or even 
1%) or all the energy of the GRB (~1047−1049 erg) 
could be in the form of collimated radiation 
“tearing” through the dense envelope surrounding 
the collapsing core of the WR star. This (prompt) 
radiation then reaches the Earth and is detected as a 
GRB. The main necessary elements here are the 
presence of a directed flow of radiation from the 
source and the possible existence of a dense gaseous 
(wind) medium, onto which the radiation of the 
GRB source immersed in this medium impinges. 
This medium could plausibly be densest near the 
source, if the distance dependence of the density 
displays the typical “WR law” for stellar wind: n = 
Ar−2 (where the distance r is measured from the 
center of the WR star and A ~ 1034 cm−1 [55]).   
     The light-pressure force acting on the gaseous 
medium (plasma) surrounding the GRB source (WR 
core) will be LGRB(4πr2)−1(σT /c), where LGRB is the 
so-called isotropic-equivalent luminosity of the 
GRB source (usually ~1050−1051 erg/s or more), r 
the distance from the center (source), σT = 0.66 × 
10−24 cm2 the Thomson cross section, and c the 
speed of light. Even without detailed calculations, it 
is clear that, near the WR core (r ~ 109 cm), this 
force can exceed the light-pressure force 
corresponding to the Eddington luminosity (~1038 
erg/s for 1M¤) by many (up to 12–13) orders of 
magnitude.   
     In principle, isotropic radiation with huge 
luminosity LGRB ~ 1050−1051 erg/s could lead to the 
rapid acceleration (or detonation) of the medium 
adjacent to the source. However, if we suppose that 
the GRB-source radiation is anisotropic, with some 
fraction propagating within solid angle Ωbeam ~ 
(10−5−10−6) × 4π, the formation of a relativistic or 
ultra-relativistic jets becomes inevitable due to the 
gigantic light pressure acting on the dense gaseous 
medium surrounding the source. Of course, details 
of the generation of the jets will depend on the 
degree of ionization, density, and temperature of the 
plasma in the immediate vicinity of the axially 
symmetric collapsing core of the massive star that is 
the GRB source [56]. Here, we will only present 
estimates of the sizes of regions within which such a 
jet could be accelerated to relativistic speeds by the 
incident light pressure.  
     1. If the flux of photons that is exerting the light 
pressure accelerating matter at a distance r from the 
GRB-source center (somewhere near the GRB 
source, r  109 cm) is equal to LGRB(4πr2)−1, this 
flux could be enormous in the immediate vicinity of 
the collapsing WR core. It is precisely within this 
region that jets are formed and accelerated to 
relativistic speeds ≈c.   
     2. At the outer boundary of this region, the flux 
of photons must be no lower than the Eddington 
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flux, LEdd(4πR2*)−1, in order to accelerate the matter 
to speeds of at least ~ 0.3 c. Here, LEdd is the 
Eddington luminosity (~1038 erg/s for 1 M¤) and R* 
~ 106 cm is the size of the compact object. 
LEdd(4πR2*)−1 is the radiation flux that would cause 
accretion onto the compact object to cease; i.e., for 
matter to fall onto the object with the parabolic 
velocity. For a neutron star, this velocity is ≈0.3 c.   
     Using the condition that the photon flux 
LGRB(4πr2)−1 be equal to (or at least not less than) 
LEdd(4πR2)−1 at some distance r and the fact that the 
GRB luminosity (more precisely, its isotropic 
equivalent) is LGRB ~ 1050−1051 erg/s, we can derive 
the characteristic size ~1012 cm ≈ 14R¤. At this 
outer boundary, the light pressure is still able to 
accelerate an initially stationary medium to 
appreciable velocities ~0.3c. Still deeper, at 
distances less than ~1012 cm from the source (say r 
~ 109 cm, somewhere inside the region initially 
occupied by the collapsing core of the massive star), 
the light pressure accelerates the matter to 
relativistic velocities (with Lorentz factors ~10) 
when LGRB ~ 1050 erg/s. Thus, the formation of a jet 
could occur in a fairly small volume with 
characteristic size R¤, in agreement with the 
observations of a variable absorption feature that 
formed simultaneously with the GRB in the 
BeppoSAX/WFC spectrum of GRB 970508 [57, 58]. 
Thus, a relativistic jet arises somewhere within a 
region no larger than 10–15R¤ in size, as a result of 
the strong light pressure exerted by the GRB 
radiation on the dense medium surrounding the 
source.  
     Of course, the deceleration of such a jet in the 
circumstellar medium must be considered separately. 
However, it is possible that there will not be strong 
deceleration of the jet due to the interaction of the 
resulting relativistic shock with the surrounding 
medium (as in the fireball model), even when the 
medium surrounding the WR star has a high density 
(to n ~ 1010 cm−3 for r ~ 15R¤), because the 
appreciably more compact relativistic jet (or 
“bullet”) will be decelerated and not the shock, as 
should be the case in the fireball model [59–61]. 
Here, we are not dealing with a broad “bulldozer-
like” shock (a jet with opening angle ~10°) that 
sweeps up material in front of itself, and there is 
essentially no deceleration of the bullet as it moves 
in the direction of decreasing density of the medium 
around the massive core of the WR star (with n = 
Ar−2). Therefore, due to the small amount of 
deceleration and the small radiative losses together 
with its high initial momentum, the bullet can move 
at relativistic speed with a Lorentz factor of Γ ~ 10 
the entire time the GRB afterglow is observed; i.e., 
during the extent of its entire light curve, with its 
various maxima (or breaks). Of course, here as well, 
the shock that arises during the motion of the jet– 
bullet through the circumstellar envelope should 
heat this medium and then radiate (in the X-ray, 
optical, and radio) in places where the medium is 
sufficiently dense. This will inevitably lead to 
variability (“humps” and breaks in the light curve) 
of the GRB afterglow due to the radiation by 
inhomogeneities in density distribution n(r) at 
distances from the source of 1015 cm[17], formed 
by the stellar wind of the parent star.   
     Below, we list the main assumptions of the 
scenario describing a GRB source with a (radiated) 
energy of 1047−1049 erg in the partially filled space 
around the massive parent star. 
     (1) At distances from 109 cm (the size of the 
core of the massive star) to r ~ 1015 cm or more, 
where the WR wind begins to interact with the 
circumstellar medium in the gas- and dust-filled 
star-formation region in which the WR star was 
born, there is a dense (wind) medium that forms an 
envelope, which resulted due to the evolution of the 
massive star.   
     (2) A huge radiation pressure leads to the 
formation of a jet in the region from ~109 cm to ~2 
× 1011 cm, where the envelope density is the highest 
(~1015−1010 cm−3), but the optical depth to 
Thomson scattering can already be less than unity (τ 
~ σT n r < 1).   
     (3) The outburst itself (possibly a nearly 
spherically symmetric “gamma-ray explosion”) with 
a total energy of up to ~1049 erg arises somewhere 
closer to the center of the star, within a region ~3 × 
109 cm in size, or even smaller ~108−106 cm, where 
the WR law for the stellar-wind density, n = Ar−2, is 
not satisfied. It is possible that the explosion 
(outburst) occurs directly on the surface of the 
compact object that arises due to the collapse of the 
massive core.   
     (4) Only the most collimated part of the GRB 
source radiation propagating within a solid angle, 
Ωbeam ~ (10−5−10−6) × 4π sr, reaches infinity. The 
total radiated source energy is either of the same 
order of magnitude as Ebeam = EγΩbeam/4π ~ 
1045−1047 erg, or is about 1049 erg.   
     We can now return to the collimation of the 
photons arising at the surface of the compact object. 
The creation of e−e+ pairs will not disturb the free 
escape to infinity of photons whose wave vectors lie 
within a cone with opening angles θ12 such that (1 − 
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cos θ12) < 2(mec2)2/(E1E2). The pair-creation 
threshold Eth = √E1E2 within this cone is very high 
for small θ12 (√(E1E2/2) >> 511 keV), and all 
photons with energies below this threshold can 
freely escape through this window of transparency 
for the collimated photons. The initial spectrum of 
the GRB source [before filter (1)] is nearly the same 
as the observed spectrum. The largest changes in the 
observed spectrum due to the action of filter (1) 
occur in the hard part of the spectrum, as is 
discussed above [23]. It is not necessary to try to 
“invent” some special mechanism leading to the 
very high collimation (channelization) of all the 
photons. For example, the radiation field arising 
around the source could be anisotropic, e.g., axially 
symmetric due to the local magnetic field. In 
particular, non-uniform radiation at the source 
surface (e.g. polar caps) could lead to efficient 
collimation or anisotropy of the radiation field, due 
to the influence of the angular dependence (1) for 
the e−e+ pair-creation threshold [23]. Such 
anisotropy could be associated with the transport of 
radiation in a medium with a strong magnetic field, 
when the absorption coefficient for photons 
polarized orthogonal to the magnetic field (the 
extraordinary wave) is very small [63, 64].  
     There is no doubt that the GRB radiation must be 
collimated somehow, but collimation (2) is relevant 
mainly for a small fraction of the hard photons. The 
pair-creation threshold for such photons naturally 
and smoothly (in proportion to 1 − cos θ) increases 
as the angle at which a photon is radiated from the 
surface of the compact object relative to some 
distinguished direction (e.g., the direction of the 
surface magnetic field) decreases. As a result, in 
addition to the soft component, more hard radiation 
in the GRB spectrum is transmitted, giving rise to 
an anisotropic (axially symmetric) radiation field 
around the source. In particular, it then becomes 
clear why XRFs and XRR GRBs are completely 
uncollimated or, most likely, nearly isotropic, with 
energies of the order of   1049 erg [20].   
     What characteristic sizes are adopted in the 
standard model? The earliest stages of a GRB are 
considered in [62]. The GRB afterglow is due to 
radiation arising because of deceleration of the 
shock, which begins at Rdec ~ 1015−1017 cm. This 
depends on the density of the surrounding medium 
and the initial Lorentz factor. Thus, Rdec is the size 
of the fireball before the onset of deceleration, and 
does not exceed 1017 cm. In the fireball theory, this 
is essentially the size of the zone where the prompt 
radiation of the GRB source with the observed 
spectrum arises: ~1015−1017 cm. Further begins the 
zone of the GRB afterglow, whose onset is minutes, 
hours, or days after the GRB itself.   
     As was noted above, allowing for the 
dependence of the e−e+ pair-creation threshold on 
the angle between the photon momenta in the source 
makes it possible for the GRB radiation to arise in a 
region that is nearly ten orders of magnitude smaller. 
The physical conditions leading to the energy 
release of the GRB source should then be 
completely different (than for the ultra-relativistic 
fireball).   
 
 
6. POSSIBLE ENERGY-RELEASE 
MECHANISMS IN A COMPACT 
GRB-SOURCE MODEL 
 
     Of course, we must ultimately analyze the GRB 
scenario proposed here with regard to some specific 
physical mechanism for the development of a GRB 
at or very near the surface of an object such as a 
neutron star or quark (strange) star. However, we 
must first consider various possible types of energy 
release or explosions associated with such objects. 
Below, we outline some mechanisms that were 
proposed earlier, that are capable of providing the 
required GRB energy in a compact model (see also 
the reviews [65, 66]).   
     A mechanism for the generation of a GRB 
during a supernova explosion due to the action of a 
pulse of neutrinos was proposed in 1975 [67]. 
Earlier, Bisnovatyi-Kogan and Chchetkin [68] 
showed that a layer is made out of chemical 
equilibrium forms in the crust of a neutron star with 
ρ = 1010−1012 g/cm3, which is stable at such high 
densities. The outward mixing of nonequilibrium 
material can come about as a result of a star-quake, 
leading to rapid nuclear detonation due to the fission 
of super-heavy nuclei. A shock forms, which heats 
the surface layers to high temperatures, ~109 K (kT 
~ 100 keV), and the hard radiation of the GRB can 
arise due to delayed fission reactions. This scenario 
was proposed for Galactic GRBs (see also [69]), but 
can now be applied anew in our compact model for 
a cosmological GRB.   
     In the 1980s, a mechanism for a GRB source in 
the vicinity of a collapsing object based on 
neutrino– antineutrino annihiliation was proposed 
[70]. The efficiency of transforming the energy of a 
flux of neutrinos, Wν ~ 6 × 1053 erg, into a burst of 
X-ray and gamma-ray radiation is α ~ 6 × 10−6, and 
the total energy released in the GRB is WX,γ ~ 3 × 
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1048 erg. This corresponds to the total GRB energy 
of ~1047−1049 erg in the compact model with (2).   
     The subsequently well-studied magneto-
rotational explosion mechanism for energy release 
in the vicinity of a collapsing object was first 
proposed in 1971 in connection with supernova 
explosions [71]. Numerical computations of the 
collapse and subsequent explosion of a magnetized 
rotating cloud, or the evolved core of a massive star 
(pre-supernova), showed that the efficiency for the 
transformation of rotational energy into the kinetic 
energy of the explosion can be roughly 10% [72–
74]. These results were obtained for two-
dimensional computations of a magneto-rotational 
explosion that occurs due to the development of 
processes in a strongly magnetized, rapidly 
differentially rotating star. The energy released is 
sufficient for a supernova explosion, but probably 
not for the total X-ray and gamma-ray energy of a 
GRB in the standard fireball model (~1051−1053 erg). 
Thus, the possible existence of a strong global 
magnetic field in the vicinity of a collapsing object, 
accordingly in the region of a (compact) GRB 
source, has been discussed in many studies (see also 
[75– 78]).   
     In this connection, we note also the possibility of 
a compact release of energy or appearance of a 
GRB as a result of the decay of a strongly 
magnetized vacuum around a neutron star with such 
a field. The idea that this mechanism might be able 
to explain GRBs was first expressed by Gnedin and 
Kiikov [79], who also presented the first estimates 
of the energy stored in the strongly magnetized 
vacuum, which is quite sufficient to provide the 
required energy release via the decay of this vacuum. 
The source energy in the compact model, 1047−1049 
erg, corresponds well with the vacuum energy 
around a newly born neutron star with a super-
strong field of B ~ 1015−1016 G (provided the stellar 
surface undergoes oscillations, which can play the 
role of triggering the mechanism for this decay [80]). 
The possibility of vacuum decay in a super-strong 
magnetic field has been actively discussed recently 
[81–84]. However, the main question remains on 
how the energy of the magnetized vacuum is 
transformed into radiation.  
     Gigantic flares from the so-called soft gamma-
ray repeaters SGR 0526–66, SGR 1900+01, and 
SGR 1806–20 were observed on March 5, 1979, 
August 27, 1998, and December 27, 2004, 
respectively. The maximum luminosities during 
these flares were huge, reaching ~1047 erg/s [29, 85, 
86]. Recall that the compactness problem arose 
precisely in connection with the high luminosity and 
very short time scales for the burst rise and 
variability (to 10−3 s) of the event of March 5, 1979 
[18, 23]. The high flare activity of soft gamma-ray 
repeaters may be due to rapid heating of the naked 
surface of a strange (quark) star, with the 
subsequent radiation of a thermal (kT > 100 keV) 
emission [87, 88]. The heating mechanism could be, 
for example, the rapid decay of super-strong 
(~1015−1016 G) magnetic fields. This same 
mechanism can be used to explain long 
(cosmological) GRBs in our compact model with a 
collimated gamma-ray component (2). In this case, 
a prolonged GRB can be considered a set of short 
flares, similar to the gigantic flares of March 5, 
1979, August 27, 1998, and December 27, 2004, 
with the total duration of the GRB being up to 
~102 s.  
     It is clear from the above that attempts GRBs, 
using the physics of massive compact objects, have 
a long history. This experience can be used to work 
out in detail a compact model for a GRB, or a 
scenario with compact energy release, taking into 
account the observational constraints and theoretical 
arguments in favor of such a path (with a burst 
energy of ~1047−1049 erg) for solving the 





OF THE COMPACT GRB MODEL 
 
     In a compact GRB model, XRFs could be 
completely uncollimated or poorly collimated (like 
XRR GRBs), but have low total (bolometric) 
energies of ~1047 erg. Since these are most likely 
the explosions of massive supernovae at distances 
of up to 100 Mpc [89, 90], we would expect to 
observe them much more often than in the fireball 
model. It is important to try to find early spectral 
and photometric signs of supernovae in the 
afterglows of such events. Generally speaking, the 
observational task of identifying XRFs/XRRs/GRBs 
then becomes a special subsection of the studies of 
cosmological supernovae. (Recall that GRB 
030329/SN 2003dh is an XRR, and not a classic 
GRB.)  
     With regard to normal (classic) GRBs, and 
especially those (with z  1) whose spectra contain 
many “heavy” photons, we can derive a (kinematic) 
estimate of the limiting collimation angle for the 
gamma-ray radiation directly from (1), which 
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(independently!) agrees with the observed ratio of 
the yearly rates NGRB/NSN ~ 10−5−10−6. If we 
consider photons with E ~ 100 MeV in the most 
distant GRBs, it follows from the relation 1 − cos 
θ12 ≈ 0.5 MeV2/(100 MeV × 100 MeV) = 0.5 × 10−4 
that the radiation of such GRBs will be the most 
collimated. Such photons should be radiated into a 
cone with an opening angle of ≈0.5°, and be 
detected in the spectra of only fairly distant GRBs 
(with z ~ 1 and further), purely due to this 
geometrical factor.  
     Thus, a natural observational consequence of our 
compact model for GRB sources is that distant 
GRBs (z  1) should be harder, while nearby GRBs 
(z ~ 0.1) will resemble XRFs or XRR GRBs, whose 
spectra are dominated by soft X-ray photons 
(although the spectrum will also be affected by the 
cosmological factor of 1 + z). Of course, we must 
also allow for observational selection effects due to 
the finite sensitivites of GRB detectors. For example, 
the soft component of distant (classic) GRBs can be 
“cut off” by the sensitivity threshold of the detector. 
In this case, the isotropic X-ray burst emitted 
simultaneously with the GRB may simply not be 
detected in distant (classic) bursts due to the low-
total (bolometric) luminosity of the source (<1049 
erg). Indeed, XRFs and XRR GRBs all have lower 
energies than the isotropic-equivalent luminosities 
Eiso of GRBs [19, 20, 30, 31].   
     As a result, the only radiation that is important 
for observations with GRB detectors is the radiation 
propagating within a small solid angle near some 
distinguished direction: the “remnants” of the soft 
radiation for XRR GRBs (which somehow manages 
to exceed the detection threshold of the instrument 
used) and hard, or even “heavy,” photons radiated 
by the source up to the pair-creation threshold (1) in 
classic GRBs with z  1. (For a specified detection 
threshold, there may be no gamma-rays in the 
spectra of nearby XRF-type bursts with z  0.1.) 
Although it follows from review [91] that “typical” 
GRBs are observed at 30 keV–100 MeV, it turns out 
(as has long been known) that most bursts are much 
softer (see Section 2). The special importance of 
this observational result of the BeppoSAX and 
HETE-2 missions is emphasized in [20, 30, 31]. We 
are referring here to the detection of XRFs, XRR 
GRBs, and GRBs with clearly different spectra and 
luminosities, first by BeppoSAX [19], and then by 
HETE-2. Thus, our compact model can explain the 
actively discussed Amati relation between Ep and 
Eiso, where Ep is the energy corresponding to the 
maximum energy release (the typical energy) in the 
spectra of XRFs, (XRR GRBs), and GRBs. In our 
compact GRB source model, the Amati relation can 
be a “simple” consequence of both (1) and the 
anisotropy of the radiation field, most likely 
associated with the magnetic field at or near the 
surface of the compact object. As we indicated 
above, the anisotropy could be associated with the 
transport of radiation in a medium with a strong 
(regular, ~1014−1016 G) magnetic field, so that the 
absorption coefficient for photons polarized 
orthogonal to the magnetic field (the extraordinary 
wave) is very small [63, 64]. In this case, the 
observation of strong linear polarization of the GRB 
radiation should be another consequence of our 
compact GRB model.  
     In the jet-formation scenario considered here, 
which was used to interpret the light curves of the 
optical transient GRB 970508 and the X-ray spectra 
of this GRB’s afterglow [17], the X-ray, optical, and 
radio afterglow emission can be isotropic. There is 
evidence that the X-ray emission was, indeed, 
isotropic [92–95]. The initial assumption was the 
possibility of the small GRB collimation angle (2), 
which follows from a comparison of the rates of 
GRBs and supernovae in distant galaxies. Thus, the 
basic assumption was that there was a close 
relationship between GRBs and supernovae. All 
long GRBs accompany supernovae, but sometimes 
they are observed, and sometimes they are not [15, 
16, 48, 58]. In other words, long GRBs are 
associated with the collapse of a massive star or an 
initially axially symmetric supernova, and GRBs 
should always accompany type Ib/c or other types 
of massive supernovae. The total gamma-ray energy 
released by the GRB source should then, in any case, 
be no more than, the entire radiative energy of a 
supernova ( 1049 erg). (It is interesting that the 
total X-ray energies for GRB 970508, GRB 970828, 
GRB 991216, and GRB 000214 observed by 
BeppoSAX, ASCA, and Chandra are of the same 
order of magnitude; see the master data in [96].)  
     With such low total energies for GRBs, the only 
possibility for detecting GRBs at cosmological 
distances is detecting some strongly collimated 
fraction of this energy (1−10%) that leaves the 
source within a solid angle Ωbeam ~ 
(10−5−10−6) × 4π. The remaining radiation may 
simply not be accessible to a GRB detector with a 
sensitivity of ~10−7 erg s−1 cm−2. Of course, this was 
not true of the much more sensitive (by a factor of 
10 000) X-ray telescopes on board the Ariel V, 
HEAO-1, and Einstein observatories, which were 
used to carry out the all-sky surveys [36]. With the 
 13 
limiting sensitivity of ~10−11 erg s−1 cm−2 at 0.2–3.5 
keV, the Einstein X-ray Observatory detected short, 
unidentified bursts of X-rays similar to GRBs 
distributed throughout the sky (Fast X-ray 
Transients) at a rate of 2 × 106 yr−1. This is in good 
agreement with the mean rate of massive supernova 
explosions in distant galaxies, but, due to their 
limited sensitivities, present-day GRB detectors are 
able to detect only ~1/10 000 of this large number 
of distant supernovae in the form of (long) GRBs.   
     Our proposed scenario for a compact GRB also 
enables us to predict the behavior of superluminal 
radio components, such as those recently observed 
for GRB 030329 [97]. As we noted in Section 5, 
there is likely no appreciable deceleration of the 
narrow jet (bullet) moving with a Lorentz factor of 
the order of ten. If this is the case, we expect 
superluminal radio components associated with the 
jet to have the following properties:   
     (1) such components observed in the afterglow 
of a GRB should move with a constant speed; 
     (2) the characteristic observed speed should be of 
the order of the Lorentz factor for the jet motion, 
~10 c. 
     We will make two final comments. 
     1. It stands to reason that, with a total 
(bolometric) burst energy of ~1047−1049 erg and 
radiation in the narrow cone (2), the GRB energy (3) 
for the fireball model also looks completely 
different. The compactness problem, which can be 
solved in the standard fireball with GRB energies of 
1052−1053 erg, does not arise for GRB energies 
~1047−1049 erg. In any case, when even modest 
collimation of the radiation from the surface of the 
compact object (GRB source, XRR, or XRF) is 
taken into account, as is required by the angular 
dependence for e−e+ pair creation (1), this 
“problem” can be solved with completely different 
physical conditions than those proposed in [21].  
     2. GRB sources can, indeed, have sizes of ~3 × 
108 cm or less in the scenario massive star → WR 
star → pre-supernova = pre-GRB, with the total 
energies a factor of 104−106 lower than in the 
standard theory, and with only a small fraction of 
the hard radiation that propagates within the 
collimation angle (2) reaching infinity. This means 
that old “naive” estimates of the source dimensions 
that follow directly from the GRB variability time 
scale may be quite valid if the total energies are  
1049 erg.   
     Thus, the key to understanding GRBs may be 
that the burst energetics are much lower than in the 
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